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Aliena: North America
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| erzgluomfu onarch Butterflies

(liejuy
L
V gﬁanzll cm,
. mass = 550 mg

gurdf d. 5'My/s for cruising flight,
3.3 m/stfierrgliding and soaring flight

Low glide ratio: Best L/D = 4:1;
Limited ability to search for thermals




| erzgluomfu onarch Butterflies
\(flioht)
- I
—EShelliiel sp /e 125 mg of lipid;
'v grantsistart with only 25mg of lipid

Titec) 2 ge: 125 mg = 800 km In cruising
fllght \Eeedl4000 km

Temperature restrictions: Prefer to fly at
16°C - 25°C; WIll accept 8°C - 30°C




ftat-i BN of Monarch Butterflies

o (wind'drift)




|JfrJJ£cl£lOrJJ!U vienarch Butterflies

mavc-lon)

r_T
“SNoymnan sense: Unaware of position with

& .,G.(r tOROVEWINtering sites

PopiamEmory: Cannot learn route or
Improve fight tactics

No mental image ofi surroundings:
Unable to planiroute or take shortcuts




L]m]ir.a_‘irj]onsﬁj onarch Butterflies

afal)

s . |
“Wigal: Nio NG may occur if
‘mc UghIEOUEOVEY Iarge bodies of water

Deaf: r\lr ghmoths have ears to hear
nats, almest all butterflies lack ears

PoorVision: Visual acuity Is about 1°;
Very limited at pattern recognition
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CIr




Jision (B-EYE):

2 and ?7?




NEWASHt*Possible?
—

thelr limitatiens, how do millions of

ies manage to migrate

Atinent to a small region In the

mou IS o Vexico?
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Given the existence of the migration, in what
ways do Monarch butterflies differ from
related, non-migratory, species?




]

BEIVIRISPAGUment
Ean. ®
. Monarc?h terflies have evolved a long
' ﬁ Stancey geal-oriented, migration
Th curr% migration developed about
12,000'years ago after the last ice age

Monarch butterflies followed the northward
expansion ofi their milkweed host plant

However, 12,000 years Is not enough time
for major evolutionary changes




DRSS Argument

_—
2 Theref e'

Currentmigration must have evolved from an
canligigsimpler, migration
\Y/[e]f o (%g and physielegy of Monarch
putterfiies willl be similar to species with less
spectacular migrations

(2

Current migration has evolved primarily through
small changes In flight behavior




r\(lvrlnzgrg%j FVlenarch Butterfly

DeSJc" | lght)
a LYy gJJﬂ‘ﬂ"o ink rate: O 7 m/s;

ﬁ QglElC) CEl ise weak lift
S a

\Vienar

ming radius: 0.5-1.0 m;
A can center in narrow lift
Water ballast:

When low on lipid,
can adjust CG for gliding and soaring




SAGVENAGES of Monarch Butterfly
i ‘mg’gn (Hallast)
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r\(lvrlngrg%j@i Vienarch Butterfly

PESION (MeVigation)
-_— -

“TBivlegical c Jole | acessary for various
| ““' Jels o gllepuilely
Compeiid eyes

Polarizediiont

Ultraviolet light

Angles




AdVvantages of the Insect
sompeUna Eye



dtages of the Insect
compoetnd Eye

T

The compound eyes of insects are made up
of hundreds of tubular clements, each with
a facet at 1ts outer face. The surface of the
eye is thus a regular grid of these tiny facets,
visible in this magnified image of a deer fly Surface lens facet
eye (above). Light passing through the facets
1s picked up by retinal cells in rods, or Internal cone lens
rhabdoms, at the base of each tube.

One unit of an insect
compound eye

Pigment cells

Sector of an insect
compound eye

Retinal cells

Rhabdom

OITTITITIITTIIITITTITTIITTITTITTITTITTE

Sensory nerve
to brain
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\rlvgl,r iEES 0l Menarch Butterfly
BESIGNE Mlgatlon)

-
“NimE compensated  sun compass:
‘- SULLERTINA fIEasUres sUn’s azimuth and
usesibiplogical clock to correct course
Clearrskya="Vlieasure azimuth directly
Breken cloud - Use polarized light
In cloud - Use ultraviolet light




\rlvgl,r ) JJ&J Moenarch Butterfly
BESIGIN M|gat|on)

| AleE angle GELECTOL:

o BUbtermysmeasures solar AA at midday

‘. | RIGHWALIGA 0N advance of seasons

Trackingpa particular zene of AAs Is an easy
method to time movement across latitudes
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r\rlvgl.r egi&d Menarch Butterfly
BESIGNE Mlgatlon)

.

-

= l\/légne'@- 0 detector:
.-h WS 'fQ_'I
" Approyamation of: latitude

Appreximation of longitude

Measurement of true vertical movement
Measurement of true horizontal movement
Measurement of true airspeed




AGVanta@ES 61 Monarch Butterfly
& asigi(0Eneral)

=

O

“ h
~ Meugh: Body caniabsorb large

o crusningieENding, and shearing forces
Ectothenimic (usually): Low energy use
When restiiig, preserves lipid reserve
Endethemic (rare) : Can generate

sufficient heat to initiate flight at
low ambient temperatures




AGVYEREEESIOf VMienarch Butterfly
| PESigNNOEneral)

an fily:high and soar in

| alsAWithrinsectivorous birds

fSjifeire

ALEEISt: Rapid population growth
allows fierRgUICk recevery of numbers

Reproductive diapause: Saves energy
Dy pestponing reproductive maturation




Ateey for Monarch

"T\ Viigration
iy *
Sur\/Jveﬂrr- jeume

ct tcC mqme gains
Ne cl go c-
All gains i

Y -i
!

st be cheaper than flying
the same distance by cruising flight
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Ateey for Monarch

"T\ Viigration
iy *
Sur\/Jveﬂrr- jeume

ct tcC mqme gains
Ne cl go c-
All gains i

Y -i
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st be cheaper than flying
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gL Tractics:
Al CItIe Route
-_ "

Preplem: w calcllate a Great Circle
L rOUENONIIEIOVERWINtEring Sites

REaSEk lﬁ archs need to be able
to Identifyawind conditions

b

Solutien: Use magnetic sense to
calculate specific magnetoclinic
route that approximates GC route




=ight Tractics:
r\\/OJfIJrJ GUlfof Mexico

=T
“eRrehlem: 10 moedify magnetoclinic

' ﬁ oute anuiavord the Gulf of Mexico

Reason: mo narchs In the southeast
corner offthe US face a long detour
around the: Gulf, often Into headwinds

Solution: Use magnetic sense to
monitor latitude and alter magnetoclinic
route to west well in advance of Gulf




S Elight Tactics:
=ESCaPerNortheast
C-_—

’ )

Sreplem: 1I0lmanage a timely escape
 [remrueNenineast without increasing
the lenenrel the journey to the OWS

Reasen: \WWeather IS fast deteriorating
and Monarehs can not wait around for
subset of' wind conditions favorable for
making gains to the OWS

Solution: Use all wind conditions that
satisfy the strategy ‘Never go back’




- YPrehklem: Ta

rﬂl'Uj ractics:

Coofe peting Migration

“ . ' = .
coedinate the migration

- Glefgss Jrn iidesssuchrthat all Monarchs are

moyvingrthroetigh regions at the same time

Reasent: Each butterfly gains by hiding
In the crowd; minimizes the chance of
becoming a meal for local predators

Solution: Entire population tracks
specific AA’s across continent to OWS




. Elight Tractics:
3 @-’diuatin'g Migration

Seasonal Tracking of Altitude Angles by Monarch Butterflies
Data from Monarch Watch and Journey North

Isoclines of
the sun's
Altitude
Angle at

solar noon

Late Summer and

Breedin
9 O Fall Migrants

__Overwintering Overwintering
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Fil“L Tactics:

NERARRESNly: Start

| = _

—WRIeklenms o getian early start in the

“"'c-" nEpenRdinot drain fuell reserve
RESOIECan 't waste time; Monarchs have
to gain awpeut 30 - 43 km per day to keep
Up Withi fiavoerable zone of AAs

Solutien: Use shear waves at top of radiation
Inversion for early morning soaring flights
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' o 'FIiht Tactics:
e, @ngr anfEarly Start



















Aliena: North America




RESSIvIENactics For A Flying
BIBINONPIIC EXplorer

s
-~ Waiikfer fie o,- aNwind conditions

."’gC IECKAWIREIN equently
Stalexploning as soon as wind Is favorable
AVoIdf elstacles

Take eveny opportunity to soar:
Slope, thermal, or wave soaring




PessIIENIacticS For A Flying
BIBMBIPWIC EXplorer
NVeRItern reter ol pregress towards goal
" I progressiis negative, landl (or park in lift)
UntifceREiens Improve
i progressiis positive, check that cost
of gains Is; belew the critical threshold

If cost exceeds threshold, land (or park)
until conditions improve
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ViGRENChrBULterdly Migration:

OIEFSIVIE Tlags
-

Photo by Karen Oberhauser
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Seasonal Tracking of Altitude Angles by Monarch Butterflies
Data from Monarch Watch and Journey North

New Spring Migrants
Old Returning Migrants

__Overwintering
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Ioclines of
the sun's
Altitude
Angle at
solarnoon

—146 AA
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—0>56 AA
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